It has previously been shown (Knivett, 1952a, b;  see also Slade, 1953, and Korzenovsky & Werkman, 1953 ) that arsenate increases the rate at which carbon dioxide is released from arginine and citrulline by enzyme preparations ofStreptococcusfaecali8. The present paper is a detailed study of the arsenate effect. EXPERIMENTAL
The organism, growth medium, preparation of suspensions, and of the cell-free extract (prepared by the Mickle disintegrator), adenosine diphosphate (ADP) and triphosphate (ATP) were as previously described (Knivett, 1954) . Preparation of cell-free extracd8. In addition to the extract prepared with the Mickle disintegrator (designated 'M' extract), a cell-free extract having a greater enzymic activity was prepared by crushing the cell-paste in the press described by Hughes (1951) . The mucoid, crushed mass was taken up with water and centrifuged for 20 min. at 20 000 g in a Sorvall high-speed angle head centrifuge (Ivan Sorvall Inc., New York) . This extract is designated the 'P' extract.
Manometric methods. EFFECT OF ARSENATE ON CITRULLINE BREAKDOWN 1-0 ml. sample of the reaction mixture was transferred to 4 ml. 0-25N-HCI; 0.5 ml. of the acidified mixture was used for the estimation of citrulline and 1-0 ml. for the estimation of ammonia. For the estimation of ornithine a 2-0 ml. sample was pipetted into 0-5 ml. N-HCI, warmed to 800 for 5 min., transferred quantitatively to a manometer flask and the pH was adjusted to 5-8 with N-NaOH.
Estimation of ammonia. The Conway micro-diffusion method was used for the distillation of the ammonia (Conway, 1950) which was then estimated by nesslerization.
Estimation of ornithine. Ornithine was estimated by the specific decarboxylase method of Gale (1945) . The organism used was a strain of Escherichia coli (EC4) kindly supplied by Dr H. D. Slade.
Estimation of citrulline. The carbamido/diacetyl reaction is a sensitive test for citrulline (Fearson, 1939; Gornall & Hunter, 1941; Archibald, 1944) , but does not give very reliable quantitative results. Kawerau (1946) found that colour fading occurs owing to over-oxidation and could be avoided by the use of (a) a mild oxidizing agent (arsenious oxide in conc. HCI instead of potassium persulphate), (b) an excess of diacetyl monoxime, (c) a boiling time of 15 min. Under these conditions neither colour fading nor light sensitivity was noted in 30 min. On testing Kawerau's method, however, considerable differences in colour intensity were noted between different sets of estimations. This was traced to the variations in the time elapsing between mixing the reagents with citrulline and boiling the solutions to develop the colour. The amount of colour produced was approximately doubled if the reagents were allowed to stand overnight at room temperature before boiling. Previous workers have noted that the colour produced is not proportional to the concentration of citrulline and that standards must be included.
The calibration curves did not pass through the origin, but cut the abscissa at an intercept of approximately 0-2 jAmole citrulline. Therefore 0-25 ,mole citrulline was added to each determination to ensure that sufficient colour would be produced to be measurable, and a correction was applied. A typical calibration curve had a slope of log lo/ 1 = 1-040 per ,imole citrulline in 15 ml. at 492 myi. with a 1 cm. light path. The method gave reliable results over a range 0-1-25 ,mole. Reagents: 0-25 ml. 0-001 M L-citrulline; 3.75 ml. arsenious oxide (10%, w/v, in conc. HCl); 2-0 ml. diacetyl monoxime (1%, w/v, in 5%, v/v, acetic acid). The combined reagents (6-0 ml.) were added from a burette to 1-0 ml. of the test solution (containing not more than 1-25 fumoles citrulline) and kept overnight for the colour to develop. The covered tubes were heated in a boiling-water bath with frequent shaking for 15 min., cooled and distilled water was added to 15 ml. The colour produced was estimated in the Beckman Spectrophotometer at 492 m,u.; twelve estimations and four standards containing known amounts of citrulline were dealt with in a batch.
Estimation of protein. The protein content of the extracts was measured by the method of Kalckar (1947) .
RESULTS
Effect of arsenate on the breakdown of arginine in washed bacterial suspensions. Effect of ar8enate on the breakdown of citrulline in cell-free extracts. As previously shown (Knivett, 1954) , citrulline is not attacked at an appreciable rate by cell-free extracts unless both ADP and inorganic phosphate are added. Table 2 shows that phosphate can be replaced by arsenate, and that the effect of higher concentrations of arsenate (0-016M) is reduced by the addition of phosphate. In contrast to phosphate, arsenate stimulated the formation of carbon dioxide when no ADP has been added Table 2 . The effect of phosphate and arsenate upon the release of CO2 from citrulline in a cell-free extract in the presence of ADP Total volume of fluid per cup, 3 ml. All cups contained 0-5 ml. 0-5m potassium succinate buffer, pH 5-8; 0-1 ml.
0.12M-MgCl2; 0-9 ml. 0-008M ADP; 0-6 ml. 0-3M Lcitrulline; and in the side compartment 0-3 ml. 'M' extract (35-2 Ing. protein/ml.). Additions to the main compartment: varying quantities of 0-12M sodium arsenate buffer, pH 5-8, and 0-18m sodium phosphate buffer, pH 5-8; water to volume. Gas: air. Temp. 300. (Table 3 ). This effect of arsenate is reduced by the addition of either phosphate, or fluoride, or iodoacetate.
The following experiment shows that the inhibition by phosphate is competitive. The rate of carbon dioxide production was measured over a range of arsenate concentrations, with and without phosphate. The reciprocal of the initial velocity was plotted against the reciprocal of arsenate concentration according to the method of Lineweaver & Burk (1934) and the line of closest fit calculated by the Table 3 . Release of C02from citrulline in a cell-free extract in the presence of arsenate (no adenosine phosphate added)
Total volume of fluid per cup, 3 ml. All cups contained 0.5 ml. 0*5 m potassium succinate buffer, pH 5-8; 0-1 ml.
0O12m-MgC1,; 0-3 ml. 'M' extract (11.7 mg. protein/ml.), and in the side compartment 0-6 ml. 0O3M L-citrulline. Other reagents added to side compartment. Gas: air. Temp. 300. Incubation time 1 hr. I/S=(molarity of arsenate)-' method of least squares (Fig. 1) . The Michaelis constant (K,,) was 0X022M in the absence of added phosphate. When phosphate (0O0067m) was added, the apparent Michaelis constant was 0-093m. The fourfold increase of apparent Michaelis constant on the addition of phosphate indicates that the inhibition is competitive. The rate of carbon dioxide release was measured over a range of citrulline concentrations (0-0-04M) (Fig. 2) 0-3 ml. of a mixture of 1-3 ml. 0-12M-MgCl2, 2-4 ml.
0-5M potassium succinate buffer pH 5-8, and 0-2 ml. 'P' extract (4.6 mg. protein/ml.). Gas: air. Temp. 370. CO2
release was measured at 5 min. intervals after tipping, and the velocity calculated from the steady gas output in the first 20 min. 0-12M-MgCI2; 041 ml. 0-875M sodium arsenate buffer, pH 5*8; 0.5 ml. 'P' extract (0-3 mg. protein/ml.); and in the side compartment varying quantities of 0-3M Lcitrulline, and water to volume. Gas: air. Temp. 37°. The rate of CO2 evolution was constant during the first 100 mn.
EFFECT OF ARSENATE ON CITRULLINE BREAKDOWN Table 4 . The products of citrulline breakdown in the presence of arsenate 18 ml. M sodium arsenate buffer pH 5-8, 3-6 ml. 'P' extract, 3-6 ml. 0 12M-MgCl2, and 10-8 ml. 0.33M L-citrulline. The reaction started after thermal equilibration by the addition of citrulline. Temp. 37°. For analytical procedures see methods. The ornithine samples were taken 0-5 min. later than the citrulline and ammonia samples. Quantities are corrected for control without citrulline. Needham & Pillai (1937) and
